The present study was conducted following randomized complete block design with three replications to evaluate the genetic variability of twenty five tomato genotypes for yield and nutritional traits and also their attributing factors. A wide range of variation was observed among the characters studied which have a great interest for tomato breeders. Heritability in broad and narrow sense for soluble solid in green and red tomato, total phenolic content, fruit diameter and seed/fruit was 93.23%, 98.58%, 99.92%, 99.37% and 96.15% respectively and for those traits, phenotypic influence was negligible. Leaf chlorophyll content and total phenolic content showed positive significant correlation with soluble solid (sugar) whereas p H showed negative correlation. Yield/plant was found highly significant and positively correlated with individual fruit weight, fruit diameter, seed/fruit, and plant height whereas soluble solid, leaf chlorophyll content, total phenolic content showed negative correlation. Path analysis revealed that soluble solid had positive direct effect with leaf chlorophyll content, p H of fruit juice and days to first flowering and negative direct effects with individual fruit weight, fruit diameter, plant height, fruit /bunch, whereas yield/plant showed positive direct effects with all above traits except soluble solids in red tomato, which clearly indicate inverse correlation between yield and nutritional components of tomato fruit. Further, principal component analysis found that four principal components contributed 75.1% of the total variability. Individual fruit weight, days to first flowering, pH of fruit juice, fruit/bunch and soluble solids in fruits were found to be the most important traits in PC1, PC2, PC3, PC4 and PC5, respectively. As soluble solid content, yield and its component traits have high heritability, therefore, improvement is also possible using breeding approaches.
Introduction
Tomato (Lycopersicon esculentum L.) is one of the most important and popular vegetables in the world. It belongs to the family Solanaceae with chromosome number 2n= 24 with small genome size (950 Mb per haploid nucleus) (Jenkins, 1948) and is normally a self pollinated annual crop. Cultivated tomato is the second most commonly consumed vegetable, just next to potato. Many developing countries like Bangladesh benefited from the green revolution in cereal production in the past but were not able to substantially reduce poverty and malnutrition. Vegetable production can help farmers generate income which eventually alleviate poverty. At present 6.10% cultivable land area (48,538 acres) is under tomato cultivation both in winter and summer (BBS, 2008) . It is cultivated all over the country due to its adaptability to wide range of soil and climate (Ahmed, 1976) . The estimated annual production of tomato in Bangladesh was 368121 metric tonnes in 2015-2016 fiscal years (BBS, 2016) . To meet up local demand, Bangladesh government imported 10935 metric tonnes from foreign countries in the same time (BBS, 2016) . Now-a-days tomato is very popular not only to the consumers for its health benefits but also to the farmers for its high market value and as well as researcher for its genetics and genomic characters. The tomato is classified as a functional food, for having good levels of vitamins, minerals, and especially lycopene, a carotenoid pigment that provides red color and has antioxidant qualities (Alvarenga, 2004) which acts as an anticarcinogen (Bhutani and Kallo, 1983) . To meet the increasing demand of tomato, it is important to study the genetic variability of tomato as variability assessment among tomato genotypes helps to maintain and utilize germplasm resources for the improvement of the cultivars (Reddy et al., 2013) . Morphological traits play a vital role in determining the important characters, variability and genetic relationship among the genotypes (Osei et al., 2014) . Tomato fruit yield is the final result which is associated with other yield contributing traits and theses traits again interrelated among them (Islam and Khan, 1991) . Besides yield, quality of fresh market tomato is also important and it (Lycopersicon esculentum Mill.) is affected by fruit appearance, flavor (taste and aroma) (Shewfelt, 1993) and texture (Causse et al., 2001; Vickers, 1977) . Although the perception of flavor is influenced by many factors, taste (sweetness, sourness) is one of its most important components and it ARTICLE INFO is determined basically by sugars and acids (Kader et al., 1977; Malundo et al., 1995; Stevens et al., 1977a, b) . Sugar, organic acids, phenols and minerals are the main constituents of tomato taste, among them sugars quantitatively making the largest contribution (Kader, 2008) . Generally reducing sugars correlate with soluble solids content, hence soluble solids measurements provides a good estimate of the sugar level. (Kader et al., 1977) . Many cultivars were selected for traits such as resistance to stresses, uniformity, appearance, firmness, extended shelf life, in contrast to the desire of consumers for sweet tomatoes (Shwefelt, 2000) . Reinforcement of the breeding strategy also comes from the fact that consumers appear conflicted in their desires; while taste is given high importance, fruit of poor appearance will not be chosen even if the taste can't be guaranteed (Bruhn, 2002) . It does not help that in trying to breed for higher soluble solids; yield is usually compromised and may fall below the profitability threshold for a tomato crop (Stevens, 1986) . As a result the cost benefit ratio currently tilts in favor of non-taste related traits. Therefore, selection of cultivars with elevated soluble solid and positive correlation with yield would be advantageous. Considering the fact, the present study was undertaken to determine the genetic association between different morphological and nutritional traits for further development and selection of superior nutritional rich high yielding tomato genotypes.
Materials and Methods
The experiment was conducted at the experimental field, Department of Genetics and Plant Breeding, Bangladesh Agricultural University (BAU), Mymensingh during winter season (October 2017 to March 2018) on an upland soil. The experimental site was situated in the sub tropical climate zone, characterized by heavy rainfall during the months from May to September and scanty rainfall in the rest of the year. The experimental material consisted of 21 advanced tomato genotypes (Tm-131, Tm-134, Tm-181, Tm-206, Tm-219, Tm-299, Tm-337, V100589, V1005582, V1006484, V1006282, V1006015, V1057583, V100686, V1007282, V1005584, C-11, C-71, WP-7, Homeastid) and 4 varieties (BINA tomato 4, BINA tomato 8, BINA tomato 9 and BINA tomato 10) were planted in healthy plot to assess different yield and nutritional quality attributing traits. The experimental seed material was sown in pots on 10 October, 2017 and 30 days old seedlings were transplanted to the main field on 10 November, 2017 with spacing of 60 cm x 40 cm. Before transplanting the plot was brought to fine tilth by ploughing and harrowing. The recommended doses of fertilizers such as cowdung (10,000 kg/ha), Urea (250 kg/ha), TSP (250 kg/ha) and MP (150 kg/ha) were applied during cultivation. The experiment was conducted using Randomized Complete Block Design (RCBD) with three replications. Correlation, path analysis and principal component analysis were computed with the help of computer software MSTATC (Genetic analysis) , BASICA (path coefficient analysis) and Minitab 17 (PCA analysis) following the techniques suggested by Johnson et al. (1955) ; Hanson et al. (1956); Miller et al., (1991) and Lynch and Walsh (1998) .
Results and Discussion
Analysis of variance for different yield and quality contributing components presented in the Table 1 revealed significant differences among genotypes for all the characters. Shravan et al., (2004) found significant varietal differences for fruit weight by using thirty tomato varieties. Singh & Raj (2004) and Barman et al., (1995) had also reported the variability of tomato genotypes for fruit/bunch, individual fruit diameter and individual fruit weight, and their direct effects on final yield. Genotypic and phenotypic coefficient of variation and heritability revealed high range for most of traits studied (Table 1) . High heritability for plant height on 1 st leaf appearance, soluble solid in green and red tomato, total phenolic content, fruit diameter and weight, and seed/fruit indicated less influence of environments that could be exploited through simple selection from this material to improve yield as suggested by Mohanty, (2003) . Low to medium heritability for plant height, leaf chlorophyll content, and p H in red tomato suggested a careful selection from the material for enhancing the genetic portion of variation that can also be attained through addition of superior germplasm (Johnson et al., 1955) .
The genotypic and phenotypic correlations among all the characters are presented in Table 2 . In most of the cases genotypic and phenotypic correlation coefficients were of the same directions but the former were slightly higher in magnitude indicating low influence of environments that enhanced the acceptance of these findings (Shravan et al., 2004; Nakawuka & Adipala, 1999) . The results revealed that the days to first fruit maturity showed positive and significant correlation (at p=0.01) with yield/plant (0.315), followed by fruit weight (0.303). It also had positive and significant (at p = 0.05) correlation with fruit diameter (0.278) and days to first branching (0.274) whereas, fruit/bunch showed positive and significant correlation (at p=0.01) with yield/plant (0.329). It is expected that the more the bunch number in a plant, such plant will produce more fruits resulting in more fruit weight (Singh & Raj, 2004) . Plant height showed positive and significant correlation (at p=0.001) with individual fruit diameter (0.372). It also showed positive and significant correlation (at p=0.01) with p H in green tomato juice (0.374) followed by yield/plant (0.353), chlorophyll content (0.352), and individual fruit weight (0.349). Plant height also showed positive and significant correlation (at p = 0.05) with soluble solid in red tomato (0.436) followed by soluble solid in green tomato (0.254). Individual fruit diameter showed positive and significant correlation (at p=0.001) with individual fruit weight (0.839) followed by yield/plant (0.660). It also showed negative and significant correlation (at p= 0.05) with soluble solids in green tomato (-0.285) whereas, individual fruit weight showed positive and significant correlation (at p=0.001) with yield/plant (0.766) followed by seed/fruit (0.572). It also showed negative and significant correlation (at p= 0.01) with total phenolic content (-0.297) and (at p=0.05) with soluble solids in green tomato (-0.248) and soluble solids in red tomato (-0.129 ). This negative relationship with total soluble solids suggests that there may be competition for resources between total soluble solids and other components (Maršić et al., 2011) . Leaf chlorophyll content showed positive and significant correlation (at p = 0.01) with soluble solid in green tomato (0.350) whereas, total phenolic content showed positive and significant correlation (at p = 0.05) with soluble solid in green tomato (0.293). These results are in conformity with the findings of Abedin and Khan (1986) ; Reddy and Reddy (1992) ; McGillivary and Clemente (1956) ; Stevens and Rudish (1978) ; Maršić et al., (2011); Ara et al., (2009) and Joshi et al., (1998) . The correlation results obtained in the present study indicated that parameters viz., plant height, seed/fruit, fruits/bunch, average fruit weight, plant height are the important components of yield. Therefore, to increase the yield in tomato, selection for above mentioned parameters can be carried out. On the other hand, to increase nutrition value as well as higher yield in tomato selection, we need to increase the soluble solids in tomato which was positively correlated with chlorophyll content and total phenolic content that has free radical scavenging capacity. Though the soluble solids in tomato was inversely correlated with yield, which can be overcome through selective breeding method, genetic engineering or mutation to broaden the genetic base for selection to improve nutrition value with fruit yield (Arshad et al., 2005) . The estimates of direct and indirect effects of different characters on the fruit yield/plant and soluble solid (sugar) are presented character wise (Table 3 and 4). The results revealed that the path analysis of yield/plant and soluble solids (sugar) with its component traits presented diagonally depicted direct effects of the characters towards their correlation with yield/plant and soluble solid, while all other off diagonal estimates showed indirect effects of the characters towards their correlation with yield/plant and soluble solid. Individual fruit weight (0.539) followed by plant height (0.313), total phenolic content (0.304), seed/fruit (0.279), fruit/bunch (0.226), days to first fruit maturity (0.186), p H in green tomato juice (0.170) and plant height on first leaf appearance (0.145) were showing positive direct effects on yield/plant while other parameters like p H in red tomato juice (-0.228) followed by days to first branching (-0.155), soluble solid in red tomato (-0.094), soluble solid in green tomato (-0.088), days to first flowering (-0.0107) and individual fruit diameter (-0.0004) were showing direct negative effect (Table 4) . On the other hand, days to first flowering (0.347) followed by leaf chlorophyll content (0.216) and p H in red tomato juice (0.101) were showing positive direct effects on soluble solid in red tomato while other parameters like individual fruit weight (-1.015) followed by individual fruit diameter (-0.847), plant height (-0.511), fruit/bunch (-0.236), days to first branching (-0.233), days to first fruit maturity (-0.075) and total phenolic content (-0.054) ) were showing direct negative effect (Table 4) (Rodica et al., 2008) needs to be considered for quality tomato fruits. 
Conclusion
The characters showing high direct effect on yield/plant and soluble solid indicated that direct selection for these traits might be effective and there is a possibility of improving yield/plant and soluble solid in tomato through selection based on these characters. By analyzing seventeen different morphological and organoleptic characters, the presence of wide diversity among the genotypes was found. It was observed from the study of heritability, genetic advance, correlation coefficient, path coefficient analyses and principal component analysis that the individual fruit weight and diameter was the most important character related to the yield/plant than other traits; whereas, chlorophyll content and total phenolic content was the most important trait for soluble solids, although there is a bit inverse relations between soluble solids and yield/plant. The genotypes exhibited moderate to higher fruit yield with soluble solid (sugar) and other desirable traits; hence these are suggested to test under potential areas for identification of best cultivar for general cultivation. This analysis could be beneficial for the further breeding program for utilizing the genotypes and for effective selection for boosting yield and flavor in tomato.
